The taxonomy of Euprenolepis has been in a muddled state since it was recognized as a separate formicine ant genus. This study represents the first species-level taxonomic revision of the genus. Eight species are recognized of which six are described as new. The new species are E. echinata, E. maschwitzi, E. thrix, E. variegata, E. wittei, and E. zeta. Euprenolepis antespectans is synonymized with E. procera. Three species are excluded from the genus and transferred to Paratrechina as new combinations: P. helleri, P. steeli, and P. stigmatica. A morphologically based definition and diagnosis for the genus and an identification key to the worker caste are provided.
Introduction
Until recently, virtually nothing was known about the biology of Euprenolepis ants. Then, in a groundbreaking study by Witte and Maschwitz (2008) , it was shown that E. procera are nomadic mushroomharvesters, a previously unknown lifestyle among ants. In fact, fungivory is rare among animals in general (Witte and Maschwitz, 2008) , making its discovery in Euprenolepis all the more spectacular. Whether or not this lifestyle is common to all Euprenolepis is unknown at this time (it is known from at least one other species [V. Witte, pers. comm.] ), but a major impediment to the study of this fascinating behavior has been the inaccessibility of Euprenolepis taxonomy. Since being raised to full genus level by Brown (1953) , there has been no taxonomic synthesis of Euprenolepis and considerable confusion as to which species actually belong within it.
Worker (minors and majors): 1) Medium sized (measured in this study between 2.9-6.25 mm in total length) yellow to dark brown formicine ants. 2) E. procera known to be polymorphic with a minor and major worker castes, unclear if other species are also polymorphic. 3) Antennae 12 segmented; torulae widely separated from each other, not touching posterior clypeal margin. 4) Scapes long, always surpassing posterior margin, and with scattered erect setae. 5) Eyes generally large (one known exception E. negrosensis), near midline of head. 6) Mandibles broad with 5 teeth; basal tooth with an obtuse angle on the inner mandibular margin (one known exception E. negrosensis, where basal tooth is usually roughly quadriform relative to inner mandibular margin); apical tooth large and curved toward midline of body ( fig. 1A ). 7) Mandalus large and conspicuous ( fig. 1A ). 8) Maxillary palps 3-segmented; labial palps 4-segmented (except in E. negrosensis which has 4 segmented maxillary palps). 9) Clypeus broad, slightly convex medially, flattening anteriorly; median clypeus without a prominent keel. 10) Anterior clypeal margin medially emarginate, with a medially placed seta. 11) Mesosoma elongate with mesothorax constricted immediately behind pronotum; propodeum high and domed-shaped. 12) Scattered erect setae across entire body. Queen (queens are only known from three species, E. negrosensis, E. procera, and E. wittei sp. nov., so this list must be considered provisional): 1) Generally as in worker with modifications expected for caste. 2) Eyes large; ocelli well developed and prominent. 3) Body covered in a dense layer of pubescence.
Male (males are only known from three species, E. negrosensis, E. procera, and E. wittei sp. nov., so this list must be considered provisional): 1) Eyes large, occupying more than half the lateral portion of the head; ocelli prominent. 2) Scapes long, surpassing posterior margin by at least first 3 funicular segments; 13-segmented antennae. 3) Anterior clypeal margin emarginate, as in workers; margin curls up slightly. 4) In E. procera, and E. wittei mandibles broad with only apical tooth well-developed, remainder of inner mandibular margin smooth, with a distinct basal angle. In E. negrosensis, mandibles broad, with 4 teeth; all but apical teeth are weakly developed. 5) Mesosoma modified as expected for flight muscles; propodeum indistinct. 6) In E. procera and E. wittei, penis valve apodemes terminate dorsally (fig. 1B) ; in lateral view, penis valves project dorsally above parameres; digiti anvil-shaped (weakly anvil-shaped in E. negrosensis), ventrally directed. 7) Digiti and cuspi meet dorsolaterally, about halfway along length of digiti. 8) Parameres and terminal gastral segments with abundant, long setae; apices of parameres bend towards the midline of the body.
Discussion
Six diagnostic characters can generally separate Euprenolepis workers from the workers of other formicine genera: 1) basal tooth with a distinct obtuse angle on the inner mandibular margin, 2) apical tooth large and curved toward midline of body, 3) mandalus large and conspicuous ( fig. 1A ), 4) medially clypeus without a prominent keel, 5) anterior clypeal margin medially emarginate, with a medially placed seta, and 6) widely spaced torulae. The reduced segmentation in the palps also helps in diagnosing the genus, except Pseudolasius also exhibits palpal segment reduction. With the exception of E. negrosensis, all species appear to have a 3:4 palpal formula. Pseudolasius typically possess 2 or 3 labial palpal segments. Euprenolepis is most likely to be confused with Pseudolasius, however, with the exception of E. negrosensis, Euprenolepis have much larger eyes than Pseudolasius species. Additionally, the six characters listed above provide a means to separate the two genera. Work in progress (LaPolla, et al., in prep) will provide a key to separate Euprenolepis from close formicine relatives. E. negrosensis placement within the genus remains somewhat problematic, although the discovery of the males of this species does help clarify the situation (see below). The species was originally placed in its own genus, Chapmanella, by Wheeler (1930) , but overall its general morphology suggest placement in Euprenolepis. However, it is distinctly unlike other species, in that it possesses very small eyes, extreme elongation of the mesosoma, a quadriform basal tooth (although rarely some specimens observed have a basal tooth as in other Euprenolepis species), and a 4:4 palpal formula. This species is at present maintained in Euprenolepis, but this result should be confirmed with molecular data once specimens become available for molecular study.
Morphological characters of E. negrosensis males do suggest placement within the genus for there are several shared characters among the three species where males are known. Among those characters shared with other Euprenolepis males are: 1) digiti weakly anvil-shaped, ventrally directed, 2) digiti and cuspi meeting dorsally, about halfway along length of digiti, and 3) apices of parameres bending towards the midline of the body. These three characters may represent diagnostic features for the genus. Another distinctive feature of all known Euprenolepis males is their hirsuteness, especially on the parameres and terminal gastral segments. The parameres can be difficult to see because of the presence of abundant, long setae. It appears E. negrosensis is a hypogaeic species based on its small eyes and yellow, thin cuticle, and this may explain the unusual appearance of the workers compared to other species within the genus.
It remains unclear how widespread polymorphism is in the genus. Polymorphism is exhibited in E. procera, with a minor and major worker caste clearly expressed. However, in no other known species is polymorphism observed. This may reflect collecting bias, because most species are only known from a few localities. However, at least one species, E. wittei, has been collected from long nest series and polymorphism has not been found in the workers (V. Witte, pers. comm.) . It is worth pointing out that despite E. procera being by far the most commonly encountered Euprenolepis in collections, majors are still relatively uncommon. Based on the relatively minor morphological differences (other than size) observed between E. procera minors and majors, it would appear that even if majors are subsequently found in other species the provided key should still work for species-level identifications.
Distribution of Euprenolepis
Euprenolepis is endemic to southeastern Asia ( fig. 2 ). Most species are presently known from Borneo only, but whether or not this reflects biological reality or collecting bias remains unclear. It is interesting to note that this distribution pattern is essentially the same as Cladomyrma, another Southeast Asian endemic formincine genus (Agosti, 1991) .
Synopsis of Euprenolepis species
E. echinata, sp. nov. E. maschwitzi, sp. nov. E. negrosensis (Wheeler, W.M., 1930: 42) E. procera (Emery, 1900: 699) = E. antespectans (Forel, 1913: 130) Head brownish-yellow, with lighter mandibles and funiculi; head longer than broad. Cuticular surface dull and weakly rugoreticulate, with scattered distinctly thick erect setae, no pubescence underneath. Posterior margin complete. Eyes notably convex and more round in shape than observed in other Euprenolepis. Scapes surpass posterior margin by about length of the first four funicular segments; with scattered erect setae and no pubescence underneath. Mesosoma brownish-yellow, dull, legs slightly lighter. Pronotum elongate, very gently rises towards mesonotum (less than 30º angle); mesonotum and metanotal area flat; propodeum dorsum rounded, dome-like; declivity steep. Only a few erect setae present on notum, concentrated on posterior pronotum and anterior mesonotum. Petiole triangular with posterior face longer than anterior face. Gaster brownish-yellow with scattered long, erect setae and no pubescence underneath; cuticular surface dull and faintly rugoreticulate.
Etymology: The species epithet is Latin for hedgehog, in reference to the unique setae of this species. Discussion: This is an easily recognized species with distinctly long and thick erect setae scattered across its entire body. The setal bases are especially noteworthy because they are clearly defined: large and darker than the surrounding cuticle. The pronotum is lower in profile and more elongated than is seen in other species except E. negrosensis. While the presence of long erect setae and an elongated pronotum might indicate a close relationship with E. negrosensis, it is worth noting that the erect setae are different between the two species with E. negrosensis possessing setae that are much thinner than in E. echinata.
Euprenolepis maschwitzi, sp. nov. (Figures 4A-D Head yellowish-brown, with lighter mandibles and funiculi; head about as long as broad. Cuticular surface shiny, weakly rugoreticulate, with scattered erect setae and sparse, scattered pubescence. Posterior margin complete. Scapes surpass posterior margin by about length of the first three funicular segments. Scapes with erect setae and a layer of pubescence, becoming denser distally. Mesosoma brownish-yellow, smooth and slightly dull, legs lighter, especially tarsi. Scattered erect setae of varying length concentrated on posterior pronotum and anterior mesonotum. Pronotum rises gently towards mesonotum (about 30º angle). Propodeum dorsum rounded, dome-like; declivity short, but steep. Petiole triangular, inclined forward, with posterior face longer than anterior face; gaster yellowish-brown with scattered erect setae and no pubescence underneath; cuticular surface slightly dull and weakly rugoreticulate.
Etymology: The species epithet is given to honor Ulrich Maschwitz for his insightful contributions to Euprenolepis natural history.
Discussion: This species is most likely to be confused with E. variegata and E. wittei. It can be separated most easily from E. wittei by the scapes, which on E. wittei possess a thick layer of pubescence distally, and by a flatter, more elongated pronotum. Its separation from E. variegata can be more difficult, but E. variegata possesses longer gastral setae overall (majority of setae greater than 0.1 mm in length). Also, E. maschwitzi is lighter in color, being more yellow than either E. variegata or E. wittei, and this species possesses a duller cuticle, especially on the head and gaster. 
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Head brownish-yellow, with mandibles slightly darker; head much longer than broad. Head becomes slightly wider anteriorly. Head with abundant, long, thin erect setae, only sparse pubescence. Eyes very small, medially placed. Scapes exceptionally long, surpassing posterior margin by about the length of the funiculi; covered in abundant long, thin erect setae of varying lengths, with scattered pubescence. Mandibles similar to other Euprenolepis, but basal tooth is roughly quadriform relative to inner mandibular margin; masticatory margin with two small cuspids (one specimen, however, observed with an obtuse angle to the basal tooth as seen in other Euprenolepis). Mesosoma brownish-yellow, shiny, with legs the same color. Pronotum elongate and low as it rises toward mesonotum; mesosomal dorsum with many scattered thin, erect setae of various lengths. Mesosomal dorsum at about the same height across length except toward anterior pronotum and propodeum; mesonotal area elongated. Propodeum dorsally rounded with steep, but short declivity; propodeum dorsum with abundant thin, erect setae of various lengths. Procoxae especially elongated and thin. Petiole triangular, low, not higher than propodeum in lateral view; posterior face longer than anterior face; gaster brownish-yellow with thin, long erect setae and no pubescence underneath.
Queen. Measurements (n=1): TL: 8.7; HW: 1.2; HL: 1.3; SL: 2.3; WL: 2.8; GL: 4.6. Indices: CI: 95; SI: 184.
As in worker, with modifications expected for caste and the following differences: Overall color darker than in worker, with head and gastral dorsum brown. Entire body covered in a dense layer of pubescence; erect setae of varying lengths cover head, mesosoma notum, legs and gaster.
Male. Measurements (n=1): TL: 4.4; HW: 0.9; HL: 0.9; SL: 1.6; WL: 1.7; GL: 1.8. Indices: CI: 100; SI: 176.
Overall color brown to brownish-yellow, lighter brown on legs and funiculi; head darker than remainder of body; head about as long as broad. Cuticular surface dull, covered in a dense layer of appressed setae. Eyes large and bulging beyond head outline in full-frontal view; three prominent ocelli present. Scapes very long; scapes with many erect setae of varying length and a dense layer of pubescence. Clypeus roughly rectangular, with anterior margin emarginated. Mandible broad, with 4 teeth; all but apical tooth are weakly developed; apical tooth distinct, curves in toward body midline. Mesosoma enlarged to accommodate flight muscles; covered in a layer of appressed setae, with erect setae of varying lengths dorsally and on legs. Pronotum small and distinctly collar-like; mesonotum offset from pronotum at sulcus; mesonotum rises sharply above height of pronotum, giving pronotum a shelf-like appearance in lateral view. Mesonotum flat dorsally with many erect setae of varying lengths; propodeum indistinct from remainder of mesosoma, but with steep declivity. Petiole short, triangular, upright, with posterior face only slightly longer than anterior face. Gaster with a dense layer of pubescence and erect setae; terminalia especially setose. Parameres roughly triangular, turning slightly mesad posteriorly; long setae extend off of parameres. Cuspi small and tubular, reaching digiti dorsally; digiti weakly anvil-shaped, with poorly developed point directed ventrally. Volsellar lobes flat, slightly indented relative to digital margin; appressed setae cover surface.
Additional material examined: MALAYSIA: Borneo, Sabah, Mauhua Waterfall area, ca. 1000 m alt., 4.xi.2000 (K. Eguchi).
Discussion: This species is easily distinguished from other species and is by far the most morphologically peculiar species in the genus. It has exceedingly long scapes, and an incredibly elongated, narrow body. Brown (1953) transferred this species to Euprenolepis based on the constriction of the mesosoma immediately behind the pronotum and the short labial and maxillary palps. As discussed under the genus diagnosis section, however, this placement remains problematic. To my knowledge this species has only been collected three times, and what is really needed are specimens that can be utilized for molecular analysis to confirm placement within Euprenolepis. Euprenolepis echinata has a similarly shaped pronotum and this may indicate a close relationship with E. negrosensis. Also as in E. negrosensis, E. echinata possesses particularly long erect setae, especially on the gaster. 
Euprenolepis procera (Emery, 1900) (Figures 7A-D [major]; 8A-B [minor]; 9A-I [queen and male])
Prenolepis procera Emery, 1900: 699 (worker -major and minor Major. Head dark reddish-brown, roughly heart-shaped; head distinctly broader than long. Antennal funiculi slightly lighter in color. Head with scattered erect setae and a sparse layer of pubescence; cuticular surface strongly rugoreticulate. Posterior margin strongly emarginate medially. Scapes surpass posterior margin by about length of first three funicular segments; scapes with erect setae and sparse pubescence. Anterior clypeal margin strongly emarginate. Mesosoma dark reddish-brown, legs becoming lighter distally; cuticular surface rugoreticulate. Mesosomal dorsum with scattered erect setae of varying lengths on the posterior pronotum and mesonotum; sparse pubescence scattered across mesosoma, with denser patches on the anterior pronotum, metanotal area and propodeum. Pronotum rises at about 45° toward mesonotum; mesonotum and mesonotal area flat; propodeum dorsum rounded, dome-like; declivity steep. Petiole triangular with posterior face longer than anterior face; gaster dark reddish-brown, covered in erect setae with a layer of pubescence; cuticular surface rugoreticulate.
Minor. As in major, with modifications expected for caste. Scapes long, surpassing posterior margin by about length of the first four funicular segments. The legs of minor workers are slightly lighter than found in majors.
Queen. Measurements (n=1): TL: 6.3; HW: 1.1; HL: 1.0; SL: 1.6; WL: 2.5; GL: 2.8. Indices: CI: 110; SI: 145.
As in worker, with modifications expected for caste and the following differences: Overall color similar to worker castes, but mottled dark brown, with lighter brown patches especially on head and mesosoma. Entire body covered in a dense layer of pubescence; short erect setae cover head, mesosoma notum, legs and gaster. Erect setae most abundant on gaster, becoming denser posteriorly. Overall color brown to brownish-yellow, lighter brown on legs and funiculi; head longer than broad. Cuticular surface shiny, covered in a dense layer of pubescence. Scapes long, surpassing posterior margin by about length of first four funicular segments; scapes with scattered erect setae and a dense layer of pubescence. Clypeus broad, with anterior margin emarginated. Mandible with a basal angle and a distinct apical tooth that curves in toward body midline. Mesosoma enlarged to accommodate flight muscles; covered in a layer of pubescence, with erect setae dorsally and on legs. Pronotum small and distinctly collar-like; mesonotum offset from pronotum at sulcus; mesonotum rises sharply above height of pronotum, giving pronotum a shelf-like appearance in lateral view. Mesonotum flat dorsally with scattered erect setae; propodeum indistinct from remainder of mesosoma, with declivity shallow, gently sloping toward petiole. Petiole triangular, upright, with posterior face only slightly longer than anterior face. Gaster with a dense layer of pubescence and scattered erect setae, becoming denser posteriorly toward terminalia; terminalia especially setose. Parameres roughly triangular, turning slightly mesad posteriorly; long setae extend off of parameres. Cuspi small and tubular, reaching digiti dorsally; digiti anvil-shaped, directed ventrally; digiti visible in lateral Sumatra, Prov. Lampung, Sumberaja, 4° 59' 30" S, 104° 31' 30" E, 735 m, 15-30.i.2004 (F. Susilo) ; MALAYSIA: Kinabalu Nat. Park, Poring Hot Spring, East Ridge, 11.07.-20.07.1995 (C. Brühl) ; Sarawak, 4 th Div. G. Mulu Nat. Park, 14.x.1977 (B. Bolton); Neg. Sembilian, Pasoh Forest Reserve, xi.1994 (M. Brendell et al.) ; Pinang-Pinang, Ulu Gadut, Padang, 11.ii.2004 (S. Yamane); Perak, Trolac Forest Res., 6.vii.1967 (R. Crozier) ; Selangor, Ulu Gombak For. Reserve, 24.vii.1967 (R. Crozier) . Discussion: This is the only known polymorphic Euprenolepis species. Majors of E. procera superficially resemble Pseudolasius, but can be separated from that genus by the characters listed under the genus diagnosis section. This species possesses several unique characters other than worker polymorphism. E. procera has especially long scapes, although not as long as in E. negrosensis. The eyes of E. procera are more forward toward the midline and lower in the head than observed in other species. The medially emarginated clypeus is most pronounced in E. procera. It is by far the darkest colored species and possesses the thickest, most distinct rugoreticulae covering the body.
Euprenolepis thrix, sp. nov. (Figures 10A-D Head brown, with lighter yellowish-brown mandibles and funiculi; head about as long as broad. Cuticular surface shiny and smooth, with scattered erect setae and sparse pubescence that is thickest in area under the eyes. Posterior margin complete. Scapes surpass posterior margin by about length of the first four funicular segments. Scapes with erect setae and a layer of pubescence, becoming denser distally. Mesosoma brown, smooth, and shiny, legs becoming lighter distally, especially tarsi, which are yellowish-brown. Mesosomal dorsum with scattered erect setae of varying lengths; cuticular surface without pubescence; legs with short erect setae. Pronotum rises at about 45° toward mesonotum; propodeum dorsum rounded, dome-like; declivity steep. Petiole triangular with posterior face longer than anterior face; gaster brown, with scattered erect setae and a dense layer of pubescence; cuticular surface shiny, and weakly regureticulate.
Etymology: The species epithet is Greek for hair, in reference to the pubescence that covers the gaster of this species.
Discussion: This species is easily distinguished from other Euprenolepis species by the dense layer of pubescence on the gaster. Only two other species also have pubescence on the gaster: E. procera and E. zeta. Euprenolepis thrix is easily distinguishable from E. procera by the smooth surface of the cephalic and mesosomal cuticle. Euprenolepis thrix is distinguishable from E. zeta by denser gastral pubescence. Also, E. thrix and E. zeta have the head slightly broader than long (CI typically greater than 100), whereas other Euprenolepis have the head slightly longer than broad (CI typically less than 100). Shared body coloration, head shape, and the presence of pubescence on the gaster probably indicate that E. thrix and E. zeta are close relatives.
Euprenolepis variegata, sp. nov. (Figures 11A-D Head brown, with scapes and mandibles lighter and funiculi much lighter becoming brownish-yellow; head about as long as broad. Cuticular surface shiny and weakly rugoreticulate, with scattered erect setae, with only small areas of pubescence along clypeal margin. Scapes with scattered pubescence and erect setae; pubescence more abundant distally. Mesosoma light brown, shiny, with legs slightly lighter. Scattered erect Euprenolepis zeta, sp. nov. (Figure 14A-D Head brown, with lighter yellowish-brown mandibles and funiculi; head about as long as broad. Cuticular surface shiny and smooth, with scattered erect setae and sparse pubescence that is thickest in area under the eyes. Posterior margin complete. Scapes surpass posterior margin by about length of the first four funicular segments. Scapes with erect setae and a layer of pubescence, becoming denser distally. Mesosoma brown, smooth and shiny, legs lighter, especially tarsi, which become yellowish-brown. Mesosomal dorsum with scattered erect setae of varying lengths; cuticular surface without pubescence. Pronotum rises at about 45° toward mesonotum; propodeum dorsum rounded, dome-like; declivity short, but steep. Petiole triangular with posterior face longer than anterior face; gaster brown, with scattered erect setae and a sparse layer of pubscence; cuticular surface shiny and weakly reguoreticulate.
Etymology: The species epithet is Greek. Zeta is the sixth letter of the Greek alphabet, and this was the sixth and final new species discovered during the course of this revision.
Additional material examined: MALAYSIA: Borneo, Sabah, Danum Valley, West Trail P1, 250 m, 17.viii.1997 (C. Brühl); Borneo; Kinabalu Nat. Park; Poring Hot Spring, East Ridge; 560 m (C. Brühl).
Discussion: This species is most likely to be confused with E. thrix, but E. zeta has far less pubescence on the gaster. As in E. thrix, E. zeta does have the head wider than long, an unusual trait among Euprenolepis species. Based on overall morphological similarity, including the head shape and presence of pubescence on the gaster, it is likely that E. thrix and E. zeta are close relatives.
